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THE APPLICABILITY OF A HABITAT RATING SYSTEM FOR LOW
GRADIENT STREAMS IN WISCONSIN TO LOW GRADIENT
COLDWATER STREAMS IN NORTHERN MICHIGAN
Eric Lawrence Forward, M.A.
Western Michigan University, 2004
Habitat and fish assemblage data were collected on
12 streams in northern Michigan to assess the applicabil
ity of a habitat rating system developed for low gradient
streams in Wisconsin in determining stream health in low
gradient coldwater streams in northern Michigan. An Index
of Biotic Integrity (IBI) developed for coldwater streams
in the upper Midwest was used as the measure of stream
health. Principal components analysis was used to select
a

small

subset

of

habitat variables to

describe

the

variation in IBI scores. The seven habitat variables chosen to describe the variation in IBI scores in the final
model included: total instream cover, percent run, stan
dard deviation of thalweg depth,
tion,

rubble/cobble,

and sand.

shade,

buffer vegeta

Multiple ordinary least

squares linear regressions were performed for each model.
The model developed in this study described 85.3% of the
variation in IBI scores as opposed to the Wisconsin model
which described 67.5% of the variation.
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CHAPTER ONE
INTRODUCTION

Humans have a long and storied relationship with
rivers. In many cases, areas proximate to streams were where
people first settled. Streams were used for a multitude of
purposes from transportation, supply of drinking water, and
to improve agricultural production. Streams at these human
foci have gone through a continual metamorphosis in water
quality due to human impacts, restoration, drought,
channeling, damming, and darn removals. Until the end of the
twentieth century, humans viewed waterbodies as economic
resources to be controlled and manipulated for our use (NRC
1999). However, recently, a more holistic appreciation for
the need of environmental quality emerged. The Clean Water
Act was responsible for much of this invigorated viewpoint.
Simply put, achieving the goals of the Clean Water Act while
still sustaining economic vigor is the context within which
stream managers currently work.
Because humans live near rivers, we are always changing
the "strearnscape". The "strearnscape" has become an important
part of our lives and understanding how to improve on the
"strearnscape" and then implementing changes to correct past
problems is crucial if we are to have viable, healthy stream
systems. Thus, stream health is an indicator of our values.
Vital rivers are one indicator of our quality of life.
1

Habitat within a stream is often the limiting
biological factor to achieving a healthy self-sustaining
resource. This is important because self-sustaining
ecosystems are very easy and inexpensive to maintain. Self
sustaining ecosystems also represent the ideological goal of
management practices as they would be indicative of the
existence of proper biological assemblages and an unimpaired
condition.
Biotic integrity represents the assemblages of
organisms that should be present in an unimpaired system.
The goal of management agencies and management practices
should be to attain a high level of biotic integrity at the
lowest possible cost.
Many streams in the U.S.A. are impaired in any number
of ways, either chemically, physically (i.e. poor habitat),
or biologically. Biotic integrity of a stream depends on the
quality of the habitat present. Current regulations aim to
reduce the impairment of streams by chemical pollutant
sources. Thus in systems where the chemical constituents are
at background levels, or returned to background levels, it
is often a lack of habitat or a predominance of poor habitat
that prohibits stream systems from reaching their maximum
potential and achieving biotic integrity.
Habitat indices assess the quality of habitat
conditions in a stream. They can be used to compare the
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habitat conditions of various streams temporally and
spatially. They allow for meaningful comparisons between
streams of similar type and geographical extent. They are
often used prior to an extensive biological study of a
stream (Marshall pers. com. 2001). Habitat indices are a
concise and cost effective method to ascertain the biologic
condition of a stream. They have been used with great
success throughout the U.S.A. (Fajen and Wehnes 1982;
Plafkin et al. 1989; Rankin 1989; Petersen 1992; Simonson et
al. 1995; Wang et al. 1998) Their greatest benefit is that
such indices represent the suite of variables that together
best describe the habitat quality of a stream. Therefore,
instead of natural resources personnel having to collect
data on a very large set of variables at considerable costs
in time and money, researchers can collect data on a limited
number of variables and still meet established assessment
goals. This results in a significant reduction in the time
required to evaluate a given stream. Consequently, it allows
for many more streams to be sampled per unit of time. Many
times, researchers simply cannot evaluate all the
waterbodies they either would like to, or are statutorily
required to, evaluate (Marshall pers. com. 2001). If used
properly, habitat indices will allow resource managers to
quickly and effectively evaluate stream habitat for a larger
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set of streams and so prioritize "problem u streams needing
more indepth research or concerted efforts at restoration.
As stream quality is improved so is the quality of the
recreation that can occur on these rivers. For example, as
water quality or habitat improves so will the fishing. In
northern Michigan it is very important for there to be
quality fishing. The regional and local economies are based
to a large degree on the quality of the resources found
there, including streams and the consequent fisheries.
The state of Michigan has a popular sport fishery
(Fenske 1983). Michigan has long been popular among
fishermen and it is likely that the quality of the fishing
is the major determinant of this popularity. It makes sense
then that improving streams that are not reaching their full
potential could help increase the popularity of the sport
fishery. Doing so will help increase the quantity of the
available high quality fisheries within the State and may
take some of the pressure off from the other popular streams
in Michigan. Fenske (1983) in a survey of Michigan anglers
found that it was not only difficult to ascertain exactly
what the goals were of the diverse interests of anglers, but
that there were very diverse interests even when it came to
trout fishing. By improving the quality of streams it is
probable that more of these diverse interests will be
satisfied.
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Fishermen will travel quite a distance to fish for
trout in Michigan streams (Fenske 1983). However, trout
fishermen also like to stay close to home to fish.
Ostaszewski (1990) found that the stocked Huron River in the
Proud Lake Recreation Area in southeast Michigan was very
popular among fishermen. Even in this area not known for its
fishing related tourism, the revenues from fishing-related
activities to sporting goods stores, convenience stores, and
service stations was substantial and provided a 6.92:1
benefit/cost ratio to anglers (Ostaszewski 1990).
Tourism is composed of recreational travel to partake
of natural attractions as well as those that have been
created by humans. Tourism is one of Michigans top
industries and in 1993 contributed more than 10 billion
dollars to the economy of Michigan (MSOPO 1995), and over 12
billion dollars in 2000 (Stynes 2002). One of the fastest
growing sectors of the Michigan economy is tourism. Tourism
is not only important to the overall state economy but is
very important for local economies, with every county
experiencing some level of tourism (MSOPO 1995).
Fishing is an integral part of Michigan's tourism.
Michigan has 56,423 miles of streams/rivers, ranking number
three in the U.S.A. in the sale of fishing licenses. There
were a reported 1.4 million anglers living in, or visiting
the state in 1991 (MSOPO 1995).

5

The impact on the economies of the state from fishing
is clearly significant. Having high quality streams and
therefore high quality fishing, is a key component to the
strength and sustainability of the out-of-doors tourism
sector. Knowing which streams are impaired and their
potential for rehabilitation is an important link in
improving, not only the fisheries of the state, but state
and local economies.
Habitat indices are the first step in understanding the
health of the streams of Michigan. With quality assessment
tools we are able to make quality management decisions,
which allows for streams to reach high quality. As a
consequence this provides for quality fishing experiences
and thus a boost to the tourism industry.
Problem Statement
Present habitat assessment techniques (indices) have
not been developed specifically for low gradient, coldwater
streams in Michigan. Better assessments and management
decisions could be made using a habitat rating system
developed specifically for use in low gradient, coldwater
streams in Michigan.
Stream fish assemblages characteristic of natural
conditions vary considerably between warm and coldwater
streams. In warmwater streams, the optimal fish assemblage
would be one that exhibits high species diversity. This
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contrasts sharply with the optimal fish assemblages for
coldwater streams which, in theory, should exhibit low
species diversity (Lyons 1996). In many cases only two or
three species should compose the entire assemblage.
Because of this inherent difference in optimal fish
assemblages, it is likely that habitat rating systems
developed separately for coldwater and warmwater streams
would be more accurate than a simple habitat rating system
that combines metrics for these contrasting systems.
The goal of this study, then, was to determine the
applicability of the habitat rating system developed by Wang
et al. (1998) for low gradient Wisconsin streams to low
gradient, coldwater streams in northern Michigan. The
specific objectives of this study were to 1) identify the
variables that best explain relationships between fish
biotic integrity and stream habitat; and 2) determine the
effectiveness of these variables in explaining the biotic
integrity of the study streams.

7

CHAPTER TWO
LITERATURE CITED

Biotic Integrity, IBI and Fish Assemblages
Biotic integrity is a common measure of the health of
a stream system (Karr and Chu 1999). Biotic integrity is
defined as
"the ability to support and maintain a balanced,
integrated, adaptive community of organisms having a
species composition, diversity, and functional
organization comparable to that of natural habitat of
the region"(Karr and Dudley 1981).
An index of biotic integrity (IBI) is a method in
which a single score is computed for a sampling location
based on multiple metrics that explain the fish community
composition. Using this computed single index score it is
possible to make appropriate and meaningful comparisons of
the biological health of different streams.
The original index of biotic integrity was developed
by Karr (1981) for warmwater stream systems in Illinois and
Indiana. It has been widely applied to warmwater streams in
various portions of the U.S.A. as well as internationally
(Fausch et al. 1984, 1990; Miller et al. 1988; Lyons et al.
1995; Simon and Lyons 1995). In the majority of these
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studies indices of biotic integrity are recognized as
appropriate measures of biological integrity.
The IBI developed by Karr (1981) is specifically
designed to assess the biotic integrity of warmwater
streams. The metrics used in the IBI are representative of
warmwater stream fish assemblages. A warmwater stream with
a high degree of biotic integrity would typically have the
following characteristics: species rich, full array of age
classes, balanced trophic structure, presence of the most
intolerant species, low number of tolerant species, and no
or few fish with visible diseases or anomalies.
Differences exist between warmwater and coldwater
stream systems. These differences are great enough to have
led researchers to develop IBI's specifically for coldwater
systems (Lyons et al. 1996; Mundahl and Simon 1998).
Warmwater streams are defined as those having temperature
regimes with maximum mean daily temperatures greater than
or equal to 24 degrees Celsius and coldwater streams with
maximum mean daily temperatures less than 22 degrees
Celsius. This definition will be used in this research as
well.
Again, coldwater streams differ markedly from
warmwater streams with the most important difference being
the reduction in species diversity. As Mundahl and Simon
9

(1998) point out, this lack of species richness makes it
difficult to develop additional metrics. Lyons et al.
(1996) developed an IBI specifically for coldwater streams
with data collected from Wisconsin. This IBI utilizes few
metrics based on the assumption that a metric poor index is
appropriate for addressing biotic integrity in low
diversity systems. Lyons et al.

(1996) found that the IBI

they developed produced positive results and aided in the
interpretation of biotic health of Wisconsin streams.
Mundahl and Simon (1998), however, were able to
develop a coldwater IBI using data from Minnesota,
Wisconsin, Michigan, and Indiana that used a metric rich
approach to assessing biotic health. This IBI was used in
the present study because it incorporated data from
Michigan as well as other upper Midwest states and was
found to accurately assess the biotic integrity of these
streams. It also provides an opportunity to test the many
metrics included in the study for appropriate use in
Michigan.
Habitat and Habitat Indices
Milner et al.

(1985) refer to habitat as the local

physiochemical and biological features that make up the
daily environment of fish. Habitat is considered to be a
major factor in the potential of a stream and therefore can
10

be used with confidence as an indicator of a given stream's
biological condition (Stauffer and Goldstein 1997).
Stream fish need certain conditions to survive,
reproduce and prosper. Cover from predators and high stream
flows are needed at all stages of life. Clean substrate
allows for successful spawning and large diameter substrate
helps provide a living surface for macroinvertebrates and
algae. Diversity of habitat helps segregate large and small
fish into respective suitable habitats. Important to
northern Michigan streams is the recruitment of coarse
woody debris that occurs when large diameter trees fall
from the streambank into the stream.
Habitat is composed of units that are necessary for
the successful reproduction, growth and survival of a given
species (Stoneman and Jones 2000). The habitat quality of a
stream is a combination of these various components that
when taken in concert determine the overall quality of a
stream or stream reach.
The amount of usable habitat that is available to
stream biota is determined to a large extent by the amount
of discharge and the stability of the flow regime
throughout time. Stable flow regimes are more suited to
providing useable habitat during periods of decreased
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discharge than are streams with more "flashy u flows (Baker
and Coon 1995).
Habitat indices are models developed by integrating
the stream habitat variables that combine to describe the
habitat quality at a given stream site. Any given index is
comprised of various metrics that when totalled provide a
single score for a site. Habitat indices are important and
useful in that they allow meaningful comparisons across the
sites (Wang et al. 1998) spatially and temporally. The
habitat index score provides for the "context u of a stream
site in relation to the larger landscape (Stauffer and
Goldstein 1997).
Habitat indices have been developed and used
throughout many states and regions of the USA:

(1) the Fish

Habitat Rating System (FHR) in Wisconsin (Simonson et al.
1995),

(2) the Qualitative Habitat Evaluation Index (QHEI)

in Ohio (Rankin 1989),

(3) the U.S. E.P.A.'s Rapid

Bioassessment Protocol (RBP) in various regions (Plafkin et
al. 1989),

(4) the Habitat Quality Index (HQI) in Missouri

(Fajen and Wehnes 1982), and (5) the Riparian, Channel and
Environmental Inventory (RCE) in various regions (Petersen
1992). Numerous authors have suggested that a specific
index is widely applicable (Wang et al. 1998; Plafkin et
al. 1989), while other researchers feel that the
12

applicability of a given index is quite specific to its
particular region where very similar conditions prevail
(Baker and Coon 1995; Stoneman and Jones 2000; Bowlby and
Roff 1986).
Regardless of position with respect to the
universality of indices, common to each of the indices is
the need for the collection of data for a large set of
variables. The degree to which variables are discarded from
the final index vary among the indices. The methodology
used by individual researchers to base their final
selection of model variables and the number of variables to
include varied between the indices. As indices were
developed, tested, and applied, succeeding researchers were
able to build on the experiences learned from previous
efforts. In every index there is an inherent element of
professional judgement that is an important link in
developing a quality index based on knowledge of the
specific data used to develop the index. Professional
judgment is also important when interpreting the results of
a given model (Wang et al. 1998).
In a study comparing three of the most popular
indices, the RBP, QHEI, and the RCE, Stauffer and Goldstein
(1997) found there to be very similar results in how they
characterized stream habitat quality, with each index
13

tending to place more emphasis on specific variables or
sets of variables.
Many indices have been developed based mainly on
professional judgement and literature review (e.g. RBP,
HQI, MI DEQ Procedure #51, RCE}, while others have enjoyed
a good deal of rigorous statistical testing (e.g. Wang et
al. 1998, and the QHEI}. The results of every index need to
be analyzed and interpreted by the resource manager who is
utilizing the index. This process helps the resource
manager make sense of the results. However, the RBP, HQI,
MI DEQ Procedure #51, and RCE were created through a
process that utilized the judgement and knowledge of
resource professionals, whereas, the Wang et al. 1998 and
QHEI indices were created through the use of multivariate
analyses.
In a seven year study of brook trout reactions to
intensive stream habitat improvements, Hunt (1976), found
it took six years for the brook trout population to reach
full carrying capacity. Studies of this duration are
important to our understanding of long term changes in
brook trout populations but they are time intensive and
expensive to carry out. Studies such as these allow for the
development of habitat indices that have wide application.
These habitat indices can provide us detailed information
14

on the condition of a stream with much less time and money
invested than a long term study. A pragmatic outcome of
this research is to develop a useful index that reduces
costs and time for data collection.
Stream Temperature
Stream hydrology and thermal regimes of streams in the
northern lower peninsula of Michigan are determined largely
by variations in topography and surfical geology (Knutilla
1970; Bent 1971; Holtschlag and Crosky 1984; Richards 1990;
Wiley and Seelbach 1997; Seelbach and Wiley 1998; Wiley and
Seelbach 1998). The landscape of the northern lower
peninsula of Michigan is typically characterized as a
"diverse mosaic of surficial deposits including glacial
lakeplains, moraines, outwash plains, and tills of varying
depths and textures" (Farrand and Eschman 1974; Farrand and
Bell 1984; Albert et al. 1986). It is this diversity of
glacial landforms that has helped provide suitable
conditions for coldwater species in the northern lower
peninsula of Michigan. These natural temperature regimes
can be influenced significantly by land use practices
including agriculture, urbanization (Dunne and Leopold
1978), and the extent of streamside shading (Abell 1996;
LaBlanc 1997). Other natural factors having an important
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effect on stream temperature regimes include channel
morphology (Dunne and Leopold 1978; Haro and Wiley 1992).
Temperature has long been known to be an influential
variable in the functioning of stream biota. It has an
effect on every major constituent of stream life. The
distribution of species is controlled in large part by the
temperature regimes that they can tolerate, breed, and
typically thrive within (Allan 1999). Hinz and Wiley (1997)
consider stream temperature to be a "master variable u
controlling growth and production of fish because of the
significant impact it has on the rates of foraging and
metabolism. In a study of juvenile trout in streams in the
northern lower peninsula of Michigan, growth and standing
stock was found to be greatly impacted by stream thermal
characteristics (Hinz and Wiley 1997).
While dissolved oxygen levels are indirectly related
to stream temperatures, they are also important in their
own right. As stream temperature increases so does the
demand for oxygen by organisms, but dissolved oxygen levels
decrease. It is inconclusive as to whether stream
temperature directly controls the distribution of organisms
or if oxygen is more of a determinant (Allan 1999). Still
many authors hypothesize an important association between
stream health and the level of dissolved oxygen.
16

The effect of temperature on the metabolic processes
of salmonids is quite strong (Brett 1952; Brett and Groves
1979; Pandian and Vivekanadan 1985; Hinz and Wiley 1997).
Fish growth may be diminished and premature mortality can
occur due to high metabolic demands placed on them by high
water temperatures (Brett 1979). To combat high water
temperatures, coldwater species will seek out areas of
colder water such as groundwater springs, seeps, or
coldwater tributaires (Huntsman 1942; Mantleman 1960;
Gibson 1966; Kaya et al. 1977; Berman and Quinn 1991).
Studies of stream temperature regimes over time have
shown that seasonal and annual water temperatures have been
steadily increasing (Hengeveld 1990). As temperature
regimes change so can species distributions found in these
impacted areas. Increases in stream temperature may shift
some species to higher latitudes and/or higher altitudes
(Meisner 1990; Shuter and Post 1990). Not only are the
distributions of species likely to change but changes in
thermal regimes can also lead to species composition
changes within streams (Haro and Wiley 1992). The greatest
impact will likely affect those species located at the
normal geographic and hydrologic margins for those species
(Meisner 1990). These possible climatic changes may reduce
the available summer thermal habitat and cause a
17

fragmentation of thermal habitat. Coldwater dependent
species will likely be forced to seek out these fragmented
areas of thermal habitat that support streamside vegetation
and areas of groundwater upwelling (Shuter and Post 1990).
Riparian Land Use
Riparian buffer strips have many benefits to water
quality. Gilliam (1994) found riparian buffer strips to be
most effective in preventing sediment from reaching
streams, with significant but less effective rates for
nitrate, phosphorous, pesticides, and fecal bacteria.
Riparian areas are considered to be very dynamic parts
of a given landscape (Swanson et al. 1988). In river
systems, there is a significant link between the adjacent
ecosystems and the structure and processes of those river
systems (Gregory et al. 1991).
"the narrow, ribbon-like networks of streams and
rivers intricately dissect the landscape, accentuating
the interaction between aquatic and surrounding
terrestrial ecosystems" (Gregory et al. 1991).
Riparian areas have numerous impacts on the stream
system. Streamside vegetation controls the amount of
sunlight that reaches the surface of the stream which
impacts the stream temperature and the productivity of the
stream. Intact streamside vegetation helps reduce the
amount of nutrients and sediment that reach the stream thus
18

helping improve water quality. Streamside vegetation helps
stabilize the stream bank which reduces erosion rates and
improves water quality. Streamside vegetation, especially
trees, fall into the water and act as habitat for stream
biota.
Riparian vegetation influences the community
structure, growth rates, and abundance of
macroinvertebrates in streams (Gregory et al. 1991).
Because riparian vegetation impacts the lower constituents
of stream food webs e.g. periphyton and macroinvertebrates,
it also plays a significant role in the resulting habitat
and food resources of vertebrate populations (Allan 1999;
Gregory et al. 1991).
Hydrology is thought to have the largest influence on
riparian area structure, composition, and dynamics. Other
influences include geomorphology, light, temperature, and
fire (Naiman and Decamps 1997).
Sediment transport to streams comes from stream banks,
uplands, and tributary streams. Streamside vegetation
reduces bank erosion. Beeson and Doyle (1995) found erosion
rates of stream banks to be 30 times greater on non
vegetated stream banks than on those that were vegetated.
In areas where trees are close enough to fall into the
stream, significant results for the stream system and for
19

stream biota occur through this process. Woody debris in
streams provides habitat for fish and macroinvertebrates,
provides food for macroinvertebrates, reduces the kinetic
energy of flow, redirects stream energy, traps various
materials, and increases residence times of water (Naiman
and Decamps 1997). Depending on the size of the stream and
the location of that stream in its watershed the magnitudes
of these influences will vary.
The recognized father of river ecology, H.B.N. Hynes,
reported that rivers are a result of the landscapes of
which they drain (Hynes 1970). Stanford (1998) states that
understanding of riparian zones and riparian ecology is
necessary for proper river research and management.
Riparian forests serve as important sources of
allochthonous leaf litter and thus sources of energy in
streams. The composition and amounts of leaf litter in a
stream changes as you move from small headwater streams to
large high order streams. Small, headwater streams have a
larger quantity of leaf litter and the leaves are
considerably larger as little break down of the leaves has
occurred. Downstream reaches have less leaf litter as
riparian forest trees are typically located further from
the stream bank. The composition of the leaf litter changes
from whole, intact leaves to a mix of leaf sizes after
20

various levels of physical, biological, or chemical
breakdown.
In general, vegetated buffer strips can moderate
temperatures, reduce sediment input, provide important
sources of organic matter to lotic communities and
stabilize stream banks.
Substrate
Leopold (1974) defined sediment as "fragmental mineral
material transported or deposited by water or air".
Sediment in stream systems has numerous impacts
including: smothering vegetation, degrading spawning bed
(redd) quality, changing channel morpohology, and a
constantly shifting stream bed.
The negative effects of fine sediment on developing
salmonid eggs has been well documented for many years
(Harrison 1923; Hobbs 1937; Shapolav and Berrian 1940; Shaw
and Maga 1943; Alexander and Hansen 1983; Everest et al.
1987; Chapman 1988).
As fine sediment accumulates in redds, gravel
permeability is reduced which causes a reduction in
dissolved oxygen delivery to developing eggs. This can
cause the eggs to be smothered and for alevins to be buried
and thus resulting in a reduction in fry survival.
MacKenzie and Moring (1988) found that the intragravel
21

period is the period of highest mortality for salmonids. In
an experimental setting, Argent and Flebbe (1999) found
that as fine sediment levels increas�d brook trout
embryonic survival decreased. Hausle (1973), in a natural
setting, found brook trout had a large (greater than 80%)
survival to emergence rate when there was less than 5% sand
present.
Fine sediment can also have negative effects on the
fry that survive to emergence. These negative effects
include: smaller size of emerging fry, delayed emergence of
fry, premature hatch time due to exposure to low dissolved
oxygen levels, and reduced quality of emerging fry (Argent
and Flebbe 1999). Fry of smaller size and poorer quality
have a difficult time competing against larger more fit
cohorts.
Alexander and Hansen (1983) introduced a 4 to 5 fold
increase of sand to the bedload of Hunt Creek in northern
Michigan to test the impact of very large amounts of
sediment on trout and trout habitat. They reported a
decline in the brook trout population of over 50%. They
found the causes to be reduced survival rates of eggs and
young of the year brook trout; a reduction in the quality
of brook trout habitat and insect habitat. Further, the
additional sand had the effect of aggrading the stream
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channel and filling in pools to create a near continuous
run habitat with few pools or riffles. In a study where
large amounts of sand were removed from a northern Michigan
stream by Alexander and Hansen (1982) a significant
increase in trout populations was reported.
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CHAPTER THREE
DATA SELECTION
Thirteen sample stations located on twelve coldwater
streams in the northern lower peninsula of Michigan were
chosen as sample locations for this study. The study sites
were selected by using a stream temperature model to locate
coldwater streams. The ArcView™ GIS 3.2 (Geographical
Information System) was then used to locate low gradient
streams that could be used in this study. Temperature
dataloggers were used to verify coldwater regimes in the
streams identified as coldwater using the model. Streams
that met both requirements, low gradient and coldwater,
were incorporated in this study.
The study sites were located in Alcona, Iosco, Lake,
Manistee, Missaukee, Montmorency, Newaygo, and Wexford
counties. The locations of these sample sites are depicted
in Figure 1.
Stream temperature data were gathered directly and
also borrowed from Michigan Department of Natural Resources
(DNR). Fully submersible TidBit stowaway thermometers
manufactured by Onset Corporation were used to determine
the temperature regime of each stream. Stream temperature
was measured from July through September 2000. Thermometers
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were launched using Box Car Pro 4.0 software also provided
by Onset Corporation. The thermometers were set to record
temperature in degrees Celsius in 0.5 hour intervals. When
available, Michigan DNR temperature data were recorded in
one hour intervals. More temperature data was borrowed from
Michigan DNR, when the DNR was sampling for temperature for
a separate study. This reduced the cost associated with
further purchases of more temperature dataloggers to
achieve complete coverage.
Each thermometer was placed in a six by two inch long
PVC canister. Two holes were drilled in a 4" x 6" x 0.25"
steel plate. A single hole was drilled through the midpoint
of each hose clamp. Two hose clamps were then fastened to
the steel plate using a bolt and nut. The PVC canister was
then secured to the steel plate using the two hose clamps.
Another hole was drilled 0.5" from the end of each steel
plate. A quick link fastener was then attached to the plate
through this hole. Next, a 24 inch section of galvanized
steel chain was attached to the fast link fastener to
complete the units. These units assured the thermometers
would be protected and continue operating through the
course of the research.
When placing the thermometers in the stream, care was
taken to locate them under logs or under streambanks. The
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reasons for this follow:

(1) to minimize direct solar

insolation striking the PVC canister or the steel plate,
(2) to prevent possible theft or destruction by the public,
and (3) to provide a stable surface to keep the thermometer
in the same location for extended periods of time.
The 24 inch section of chain and� quick link fastener
were used to attach the thermometer to the log or undercut
bank.
By locating the thermometer in these places very
little direct solar insolation reached the canister and
steel plate thus allowing the thermometer to more
accurately measure actual stream temperature.

Michigan DNR

personnel had previous problems with people stealing
thermometers or destroying them (Nuhfer, 2000, personal
communication). If a heavy stream flow were to occur it
would likely transport the thermometer downstream.
Therefore, securing the thermometer to a log or undercut
bank using the chain and quick link fastener prevented this
from happening.
The thermometers were removed from each stream after
September 2000. Data from the instruments were downloaded
using Boxcar Pro 4.0 software. The downloaded data were
then exported into Excel 5.0 format. Using Excel 5.0
software, the data were analyzed to identify the maximum
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daily mean temperature for each station. Those stations
that exhibited maximum daily mean temperatures of 22
degrees Celsius or less were considered coldwater (Lyons
1996) and included in the study. Those that were above 22
degrees Celsius were excluded from further analysis.
Thirteen sample stations located on twelve coldwater
streams met the coldwater definition.
Habitat data were collected from the same 13 stations
on 12 streams from July through September 2000. The length
of the sampling stations were a minimum of 100 meters or
between 30 to 35 times the mean stream width (MSW). These
lengths were found to sufficiently characterize the stream
fish community (Lyons 1992; Simonson et al. 1995).
For each station, the lengths of riffles, runs, and
pools as well as the distance between bends or the distance
between riffles were measured using a 50m measuring tape.
The measuring tape was attached to a four foot section of
rerod pushed into the stream bottom at the thalweg.
Distances were then measured in the upstream direction
along the thalweg.
The following groups of variables were measured or
visually estimated at each transect:
stream depth,

(3)bottom substrate,

(5)bank conditions,

(l)stream width,

(2)

(4)cover for fish,

(6)riparian vegetation, and (7)land
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uses. Descriptions of each individual variable are found in
Appendix E.
Stream width was measured with a 50m tape stretched
across the stream perpendicular to flow direction. Stream
depth was measured using a standard wooden meter stick to
the nearest 0.5cm. Bottom substrate was visually estimated
along the entire transect using four evenly spaced
observation points to prevent overlap. Cover for fish was
measured using a wooden meter stick to the nearest 0.5cm.
Bank conditions, riparian vegetation, and land uses were
visually estimated to the nearest 5 percent. The sampling
procedures utilized for this study are described in detail
in Simonson et al. (1995).
In total there were 43 habitat variables considered in
the study. The variables chosen and the methods of
measurement or estimation follow those developed by
Simonson et al. (1995). In a study of a subset of these
variables, Wang et al. (1996) determined the accuracy and
precision of these variables and found each to be measured
quite precisely. The precision of field measurement of each
of the variables in the subset is found in Appendix E.
Stream gradient was calculated using ArcView GIS 3.2
and 1:24,000 Digital Raster Graphics (DRG). The DRG for
each county was downloaded from the Michigan DNR website.
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The DRG's were imported as a theme in ArcView™ 3.2. The
measure tool in ArcView™ was used to determine the stream
length between the upstream and downstream contour lines
that bounded the sampling station. The contour interval
value was then divided by the stream distance to calculate
stream gradient.
A Trimble Navigator differential GPS was used to
locate the upstream and downstream locations of the sample
stations. These data were collected during the leaf off
period to obtain the best accuracy possible. These sample
locations were then downloaded into ArcView™ GIS 3.2. Using
the measure tool in ArcView™ GIS 3.2, the straight line
distance between these points was determined. The station
length was then divided by the straight line distance to
calculate the sinuosity for the station.
Stream fish assemblage data were sampled by
electrofishing methods. All fish data were borrowed from
Michigan DNR and were collected while working for Michigan
DNR. For streams less than 4.5m wide a single DC backpack
shocker was used. On streams wider than 4.5m electrofishing
was conducted using a single DC stream (tow) shocker. For
the majority of streams the voltage (the difference in
electric potential) ranged from 150 to 175V. Amperage (the
net amount of electric charge per unit time) was at or
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close to five. Duty (a measure of efficiency) was set to
10. Rate (power output per unit time) was 60 pulses per
second. The entire station length was sampled to obtain
adequate fish assemblage data. A reasonable effort was made
to start and stop each station at a riffle or other
constricting location in the stream to minimize fish
movement out of the sample station.
Simonson and Lyons (1995) found that a single upstream
pass without block nets over a distance of 35 mean stream
widths produced a representative sample of the stream fish
assemblage. Also, mark-recapture methods bias the results
towards larger fish and therefore may not give a
representative sample of the entire fish assemblage which
includes small, non-game species (Simonson and Lyons 1995)
While sampling, care was taken to collect every fish
observed. Fish were then identified to species level and
measured to the nearest inch. Very small fish were
preserved in an 80 percent alcohol solution and identified
at a later date. The species collected from each stream is
found in Appendix F.
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CHAPTER FOOR
ANALYSIS AND USOLTS

Statistical analyses for this research were performed
using Excel 5.0 and SPSS 9.0 software. All results were
considered significant where p � 0.05.
Fish
Data for all fish samples were summed and then entered
by species into an IBI calculator developed by Mundahl and
Simon (1998) to facilitate ease of calculation of the final
IBI score for each station. These IBI scores were then
rescaled to fit a O - 100 point scale based on a method
introduced by Lyons et al. (1996). The IBI scores were
computed using the IBI developed by Mundahl and Simon
(1998). The raw scores ranged from 15 to 115. In turn,
these scores were multiplied by a factor of 0.833 to
rescale them to a 100 point scale. The rescaled IBI scores
ranged from 12 to 96. The original IBI scores and the
rescaled IBI scores are found in Table 1.
Wang et al. (1998) used a coldwater IBI developed
solely on data from Wisconsin streams by Lyons et
al. (1996). The IBI for coldwater streams developed by
Mundahl and Simon (1998) was used for this study because it
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Table 1. Original and rescaled index of biotic integrity
scores
Stream

Original IBI
Rescaled IBI
Score
Score
Gordon Creek
92
110
Blood Run Creek
105
87
First Creek
45
37
Hopkins Creek
100
83
McDuffee Creek
25
30
Pine Creek@ Bosschem Rd
25
30
Pine Creek@ Steinberg Rd
29
35
Silver Creek
92
110
Hunt Creek
115
96
Miller Creek
80
67
McGinn Creek
110
92
Brush Creek
80
67
Beaver Creek
12
15
Source: Michigan Department of Natural Resources
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utilized data from Michigan as well as for other streams in
a variety of locations throughout the upper Midwest.
A total of 23 fish species were sampled {Appendix F).
Brook trout were the only species found in every stream
sampled. Slimy sculpin was the only species, other than
brook trout, found in more than half.of the streams
sampled. Blacknose dace, brown trout, creek chub and
central mudminnow were also commonly found in the streams
sampled. The number of species present in a given stream
ranged from 2 to 14 (Appendix F). The majority (53.8%) of
streams had three or fewer species collected in the course
of this research.
Habitat
The following section will introduce the variables
included in the research, their ranges, and the
implications of these values.
The percentage variables discussed earlier in this
report were converted to a proportion before analysis.
Variables sampled at transects were averaged for each site
and those not sampled at transects (e.g. percent riffle,
percent pool), were summed for each site.
Variables that were present at only a small number of
sample sites were not included in further analyses. These
variables include: distance between bends, percent
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channelization, channelization age, other debris, feedlot
or barnyard, cropland, pasture, other land use, bedrock,
and attached algae.
After dropping these 10 variables there were 32
remaining variables incorporated in the analysis. Clay was
included as an additional variable as it is an easy
variable to collect and previous research has shown that it
can influence the quality of habitat found in a stream
(Nuhfer 2000, pers. com.). Therefore, prior to statistical·
analysis a total of 33 habitat variables were included in
the study.
Virtually all the streams incorporated in the analysis
were relatively straight which resulted in minute
differences in the distances between bends. There was no
channelization evident on the streams. Therefore, the
channelization age and percentage of channelization would
be scored as zero for every stream. The other excluded
variables were observed at very few transects or not at
all.
Very little riffle habitat was observed in the
streams. Riffle habitat ranged from 0 - 5%. Three streams
had no riffle habitat at all. The general definiton of low
gradient streams includes 5% or less riffle habitat. Given
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this portion of the definition, for appropriate streams,
each stream in this study fits the low gradient definition.
Pool habitat ranged from 4 - 59%. Run habitat ranged
from 42 - 96%. Riffle, pool, and run habitat combine to
describe 100% of the length of a stream. In only one
stream, was there less than 50% of the habitat classified
as run habitat.
The width-to-depth ratios ranged from 7.73 - 40.11. A
width-to-depth ratio of 1.0 would result when a stream is
exactly as deep as it is wide. A stream with a width-to
depth ratio of 40.11 means that stream is 40.11 times as
wide as it is. deep, indicating a very shallow, wide
channel.
Sinuosity of the streams ranged from 1.03 - 1.59. A
sinuosity value of 1.0 means that the stream is completely
straight with no lateral change in the morphology. The
stream with a sinuosity of 1.03 stream is therefore a very
straight stream. A sinuosity value of 1 .59 still indicates
a fairly straight stream.
The standard deviation of thalweg depths ranged from
4.0 - 15.81. The higher the standard deviation of thalweg
depths for any given stream, the greater the diversity of
thalweg depths. This indicator of greater variation implies
greater diversity in habitat.
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The total amount of instream cover present in the
streams ranged from 51 - 100%. More than half of the
streams had 75% or more instream cover present. The
instream cover consisted mainly of woody debris and
overhanging vegetation. The average amounts of woody debris
and overhanging vegetation were 49.51 and 17.9%,
respectively. Woody debris amounts ranged from 31 - 84% and
overhanging vegetation ranged from O - 49%.
Other types of cover (the remaining cover variables)
included undercut banks, boulders, submerged macrophytes,
and emergent macrophytes. For these additional four
variables, measured values ranged from O - 14%, 0 - 13%, 0
- 1%, 0 - 41%, respectively.
The vast majority of streams (76.9%) had no cover
provided by boulders. The amount of cover created by
emergent macrophytes was generally quite small with 84.6%
of the streams having below 10% emergent macrophytes. One
stream had 41% of the cover observed consisting of emergent
macrophytes, but this was quite unusual.
The substrate and stream bottom characteristic
variables recorded in the research had values ranging from
0 - 6%, 1 - 53%, 29 - 82%, 0 - 45%, 0 - 8%, 5 - 53%, 0 35%, 0 - 88%, and 3.73 - 34.36cm for clay, silt, sand,
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gravel, rubble-cobble, detritus, macrophytes, embeddedness,
and sediment depth, respectively.
As might be expected, sand was the dominant substrate
material in 76.9% of the streams. See Appendix G. Sand also
composed a maximum of 82% of the substrate in a particular
stream. Clay and rubble-cobble were the least common
substrate materials, both occurring in less than 50% of the
streams.
Only gravel or rubble-cobble material can be embedded.
Gravel and rubble-cobble were absent in 23.1% of the
streams and therefore no embeddedness was observed in these
streams. Embeddedness exceeded 50% in 80% of the streams
where gravel or rubble-cobble were present.
The majority of the riparian area for the streams
included in the study, was composed of a mix of woodland,
shrub and meadow vegetation types. The amounts of woodland,
shrub, and meadow vegetation ranged from 7 - 74%, 4 - 66%,
and 10 - 65%, respectively. There were no major differences
in the amounts of the three variables. Shade amounts ranged
from 12 - 100% with an average of 66.3%. Wetlands
constituted from O - 56% of the riparian land types along
the streams with an average of 16.2%.
The disturbed land values for the streams in the study
are composed entirely of residential land use. Only 3
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streams had residential land use in the riparian zone.
However, in two of those streams the residential land use
composed 30% and 44% of the riparian land use.
Bank erosion was present on every stream and ranged
from 26 - 74%. The amount of bare soil present in the
riparian zone was minimal. On certain streams there was no
bare soil present. For all streams in the study, the amount
of bare soil in the riparian zone ranged from O - 6%.
Buffer vegetation proportions ranged from 56 - 99%
with 11 of the 13 (84.6%) streams evidencing 90% or greater
proportions of buffer vegetation. There were 5 streams with
95% or greater levels of buffer vegetation.
The natural vegetation found along all of the streams
included in the study was quite high. Every stream had a
minimum of 70% natural vegetation. The natural vegetation
levels observed ranged from 70 - 100%, with 61.5% of the
streams recording 100% natural vegetation. Refer to
Appendix G for a more detailed listing of habitat results.
Temperature
Analysis of the temperature data included the minimum,
maximum, mean, maximum mean daily temperature (MMDT),
standard deviation of study period temperatures, and range
of study period temperatures. The earliest recording was on
6/22/00 and the latest recording was 9/30/00 for all
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streams sampled. This sampling protocol could be expected
to have captured the highest temperatures of the year. The
late sampling dates should not have an effect on the MMDT.
The goal of the temperature sampling was to confirm that
the sample streams exhibit coldwater temperature regimes.
The MMDT is the most widely used variable for this purpose
and, in the literature, is the most commonly used criteria
for the identification of coldwater streams (Lyons et al.
1996) .
Every stream sampled exhibited a coldwater temperature
regime, as is evident by no stream having a MMDT equal to
or greater than 22 ° c. The overall range of temperatures for
all streams was 5.39 - 24.09 ° c.

The minimum, mean, maximum,

and MMDT temperatures ranged from 5.39 - 12.160 C, 11.02 17.48 ° c, 14.66 - 24.09 ° c, and 12.68 - 20.81 ° c respectively.
Only 30.8% of all streams sampled recorded a maximum
temperature greater than the coldwater threshold maximum of
22 ° c. However, the streams that did exhibit maximum
temperatures greater than 22 ° c did not have the largest
ranges in temperatures. Nor did these streams necessarily
have the highest MMDTs. The results of the temperature
analysis can be founG in Table 2.
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Table 2. Temperature regimes of the study streams
Stream

�
1--'

Minimum
(C)

Mean(C)

Maximum(C)

Maximum Mean
Daily
Temperature
(MMDT) (C)
12.81
12.68
20.81
14.78
19.5
19.88

Std. Dev.

.89
7.53
Gordon Creek
11.02
14.66
1.46
6.61
Blood Run Creek
11.02
15.8
2.95
5.39
First Creek
21.93
14.73
0.03
Hopkins Creek
5.87
1
7.
9
12.44
2.72
McDuffee Creek
6.27
15.38
20.89
2.84
Pine Creek at
7.22
16.4
22.78
Bosschem Rd.
1.96
8.94
Pine Creek at
17.98
21.09
13.24
Steinberg Rd.
1.99
Silver Creek
6.91
14.79
12.16
17.34
2.59
Hunt Creek
6.28
14.24
21.56
14.95
2.21
11.52
Miller Creek
16.83
19.51
22.53
2.37
McGinn Creek
9.77
16.97
14.61
20.84
2.11
Brush Creek
12.01
19.6
22.23
16.81
2.35
Beaver Creek
12.16
20.58
17.48
24.09
Source: Michigan Department of Natural Resources and collected by author

Range

7.13
9.19
16.54
12.03
14.62
15.56
12.15
10.43
15.28
11.01
11.07
10.22
11.93

Multivariate Statistics
The goal of the statistical analysis was to explore
the relationship between fish biotic integrity and
environmental variables. The objectives of the statistical
analysis were to reduce the large set of habitat variables
to a subset of more meaningful variables, use these
variables to explian variation in IBI scores, and compare
the results of this model in explaining the variation in
IBI scores with the results of the Wang et al. (1998)
model.
Scatterplots were constructed for each habitat
variable versus the rescaled IBI scores. Every habitat
variable exhibited a linear relationship except for
undercut bank. Undercut bank was transformed to a linear
relationship using a natural log transformation. Data were
then introduced to a PCA model using SPSS 9.0.
Principal components analysis is a statistical
technique that,
"linearly transforms an original set of variables
into a substantially smaller set of uncorrelated
variables that represents most of the information in
the original set of variables." (Dunteman 1989)
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Principal components analysis (PCA) was used to select
a subset of habitat variables that would best explain the
variation in IBI scores. PCA was run on all 33 habitat
variables. The fewer the variables which must be collected
per stream, the greater the time and money savings that
result from the classification process.
Varimax rotation was performed on the variables as it
can frequently help in the interpretation of the components
(Wang et al. 1998) by making them more logical with respect
to the variables being examined (Dunteman 1989). Varimax
rotation will result in an orthogonal matrix which reduces
collinearity among the variables.
The PCA generated

eight principal components with

eigenvalues greater than one. Jolliffe (1986) suggests a
criteria of

A= 0.70 to determine how many principal

components to retain. Using this criteria and. an entry
criteria of eigenvalues greater than one, five principal
components were selected for further analysis. These five
principal components explained 73.15% of the total
variance.
Examining the five principal components, seven
variables were chosen to represent these principal
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components; the percent run, the standard deviation of
thalweg depth, the total instream cover, the percent shade,
the percent buffer vegetation, the percent rubble/cobble,
and the percent sand. Percent run, standard deviation of
thalweg depth, and percent sand had high loadings of 0.957, 0.764, and -0.615, respectively on component one.
Buffer vegetation loaded highly (0.941) on component two.
Rubble/Cobble loaded highly (0.930) on component three.
Shade loaded highly (0.897) on component four. Total cover
loaded highly (0.862) on component five. Refer to Table 3
for a complete list of these variables and their component
loadings.
Component One
Component one can best be characterized as a stream
morphology and substrate component. Percent run, percent
pool, emergent macrophytes, silt, standard deviation of
thalweg depth, sand, sinuosity, and macrophytes loaded
highly on component one.
Percent run, standard deviation of thalweg depth, and
the percentage sand were chosen to represent component one.
Sand proportion loaded highly (-0.615) on component one and
is an important substrate variable in streams, especially
those in northern Michigan given the predominance of sand
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Table 3. Habitat variable loadings on the principal
components
Component
2
Habitat Variable
1
3
4
5
-.957
Run (%)
Pool (%)
.952
.848
Emergent Macrophyte (%)
.767
Silt (%)
.764
Std. Dev. Thalweg Depth
-.615
Sand (%)
Sinuosity
.601
Disturbed Land (%)
-.988
Residential (%)
-.988
Buffer Vegetation (%)
.941
Natural Vegetation (%)
.848
Rubble/Cobble (%)
.930
Meadow (%)
.866
Boulder (%)
.820
Embeddedness (%)
.944
Shade (%)
.897
Macrophytes (%)
.621
-.710
Total Instream Cover (%)
.862
Woody Debris (%)
.681
Submerged Macrophytes (%)
.666
*Only loadings greater than or equal to +/- 0.60 are
reported.
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found in the soils. This is a relatively easy variable to
measure and has been shown to have a strong negative
relationship with levels of fish populations (Alexander and
Hansen 1983). Percent run had the highest loading (-0.957)
on component one and is a straightforward and low cost
variable to measure so it was selected as well to help
represent component one. Standard deviation of thalweg
depths also loaded highly (0.764) on component one. This
variable provides the researcher with an idea of the
diversity of the available depths of runs, pools, and
riffles of streams. Therefore, the greater the standard
deviation of thalweg depths, the greater the expected
variety in habitat created by stream depth.
Percent pool was not chosen for inclusion in the model
because percent run loaded higher than percent pool. In
addition, percent pool, percent run, and percent riffle
must sum to 100 percent in any given stream. Since low
gradient streams typically have less than 5% of their
length as riffle, the amount of percent run and percent
pool will typically add up to between 95% and 100%.
Therefore, percent pool and percent run are not mutually
exclusive. Including both of them in the final model is not
likely to help in explaining variance in IBI scores.
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Silt was excluded from the final model because the
streams sampled were generally small, headwater streams and
contain a great deal of allochthonous material. As this
allochthonous material degrades it develops into a dark,
mucky substance that could easily be misinterpreted as
silt. Given these potential problems· with distinguishing
between silt and allochthonous materials in the field, silt
was discarded as a final diagnostic variable.
Sinuosity was also excluded from the final model
because there was little variation in the amount of
sinousity in the study streams. Typically small, headwater
streams have low sinuosity values. High sinuosity typically
helps develop habitat at outside bends. Therefore, for
streams lacking significant bends little explanantion can
result from the inclusion of a variable based on sinuosity.
Macrophytes were also excluded from the final model
because they occured infrequently in the streams sampled.
Emergent macrophytes were excluded from the final model
because they are a component of total instream cover which
was chosen to represent component five.
Component Two
Component two can be characterized as an anthropogenic
impact variable. Four variables loaded high on component
two: disturbed land, residential land, buffer vegetation,
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and natural vegetation. Disturbed land is composed of the
sum of residential, feed lot or barnyard, cropland, and
pasture land uses. Because residential land use was the
only aspect of the disturbed land variable present on the
sample streams, the disturbed land and the residential land
variables are exactly the same. These variables were also
observed at only three sites. Because they are essentially
duplicates and occurred very rarely, neither were chosen to
represent component two.
Buffer vegetation was chosen to represent component
two because after discarding disturbed land and residential
it loaded higher than natural vegetation. Two main
differences exist between the natural vegetation variable
and the buffer vegetation variable. First, buffer
vegetation is composed of undisturbed woodland, shrub,
meadow, and wetland components whereas natural vegetation
only includes woodland, shrub, and meadow. Second, natural
vegetation includes the riparian area within 5 meters of
the stream bank whereas buffer vegetation includes the
riparian area within 10 meters of the stream bank. Though
land uses within 5 meters of the stream bank will have a
more direct impact on the stream than those land uses
within 10 meters of the stream, land uses within 10 meters
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are still likely to have an impact on the stream (Karr and
Schlosser 1978).
Component Three
Component three can be characterized as a mixture of
influences including substrate, riparian vegetation, and
instream cover. Rubble/cobble was chbsen as it had the
highest loading on component three. Percent boulder was not
chosen as it was infrequently observed in the sample
streams. Meadow was discarded as it is partially
represented in buffer vegetation which was chosen to
represent component two.
Component Four
Component four can be characterized as a stream
channel constituent variable. Three variables,
embeddedness, shade, and macrophytes loaded highly on
component four. Shade was chosen because it loaded highly
on component four and plays an important role in keeping
stream temperatures cool while providing a source of
allochthonous material input into the system. Embeddedness
loaded highly on component four but was not chosen for
inclusion in the final model because it is dependent on
gravel or rubble/cobble to be present to be measured. Sand
is commonly the most typical substrate material that
embedds gravel or rubble/cobble and was included in the
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final model to represent component one. Embeddedness can
also be a difficult variable to measure if there is deep
water, thus limiting its use as a diagnostic variable.
There can also be large differences in how different field
personnel estimate levels of embeddedness. Macrophytes were
not chosen because they did not load as highly as shade and
were observed somewhat infrequently in the sample streams.
Component Five
Component five can be characterized as representing
"instream cover" factors. Three variables loaded highly on
component five; total instream cover, woody debris, and
submerged macrophytes. Total instream cover had the highest
loading on component five and was chosen to represent
component five. Woody debris and submerged macrophytes also
loaded high on component five but both are instream cover
variables that are also included in the total instream
cover variable. Measuring all cover variables will take
longer to measure than just a specific type of cover, but
if field personnel are trained to assess cover in general,
it should not require large amounts of additional field
time to measure all cover variables.
Components one through five had specific variables
with high loadings that revealed a general relationship
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between the variables and the components. A subset of the
variables that had high loadings on components were chosen
for further analysis.
Seven variables were chosen by Wang et al.

(1998).

These included channelization age, percent channelization,
total instream cover, bank erosion, sinuosity, standard
deviation of thalweg depth, and buffer vegetation. Three of
the variables (total instream cover, standard deviation of
thalweg depth, and buffer vegetation) that Wang et al.
(1998) reported in their study were also chosen in this
study to represent the five principal components. Two
additional variables reported in Wang et al.

(1998),

channelization age and percent channelization, were not
included in the PCA for this study since they were
constants, with little or no variation among the streams
included in the sample on which this study is based.
Ordinary least-squares multiple linear regression was
used to determine the strength of the relationship between
the IBI scores and the selected habitat variables. Multiple
linear regression was completed using the habitat variable
data collected in this study and using the data collected
for this study for the habitat variables that were chosen
by Wang et al.

(1998).
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All seven of the variables selected from the PCA in
this study were utilized in the ordinary least-squares
multiple linear regression. However, since channelization
age and percent channelization had no variance for the
streams in this study those two variables were not included
in the multiple linear regression for the variables
selected by Wang et al. (1998).
The multiple linear regression from this study yielded
the following results; r = 0.923, r2 = 0.853 and standard
error of the estimate

=

18.74. The standardized �'s for

run, std. deviation of thalweg depth, total cover, shade,
buffer vegetation, rubble/cobble, and sand were 1.161,
0.763, -0.388, 0.506, 0.312, 0.164, and -0.995,
respectively. The multiple linear regression using Wang et
al. (1998) variables yielded the following results; r =
0.822, r2 = 0.675, and standard error of the estimate =
23.53. The standardized �'s for total cover, bank erosion,
sinuosity, std. deviation of thalweg depth, and buffer
vegetation were -0.371, -0.619, 0.279, -0.360, and -0.242,
respectively. The results from the ordinary least-squares
multiple linear regressions are shown in Table 4.
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Table 4. Results of the ordinary least-squares multiple
linear regression
Present Study
L
r
Std. Error
Std. ()
Variable
()
of
estimate
1.161
272.804
Run
0.763
6.342
Std. dev.
thalweg depth
-0.388
Total cover
-64.806
0.506
56.580
Shade
0.312
Buffer
75.862
vegetation
223.922
Rubble/Cobble
0.164
Sand
-198.815
-0.995
18.74
0.853
Overall Model
Percent
Channelization
Channelization
Age
Total cover
Bank erosion
Sinuosity
Std.·dev.
thalweg depth
Buffer
Vegetation
Overall Model

Wang et al. (1998) Study
NA
NA
-62.001
-110.567
49.799
-2.990

-0.371
-0.619
0.279
-0.360

-58.848

-0.242
0.675
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CHAPTER FIVE
DISCUSSION

Low Gradient Coldwater Streams in Northern Michigan
The streams sampled in this study contain fish
assemblages typical of coldwater systems. For the most part
they had low species diversity and were dominated by brook
trout and slimy scuplin. Slimy scuplin are restricted to
colder temperature regimes than are mottled sculpin. There
was a wide range of species found in the streams, but the
most observed in any given stream was fourteen. The range
in IBI scores provided a good representation of the
differing quality found in streams throughout this portion
of Michigan.
The sampling dates captured the highest temperatures
of the year which increased the mean stream temperatures.
The MMDT was the variable used to define the temperature
regime of the streams. The MMDT's confirm that every stream
in the study exhibited a coldwater temperature regime and
was appropriate for the study.
The streams exhibited strong coldwater temperature
regimes. The maximum temperature recorded was only 24.09 ° c
and less than one third (30.8%) of the streams recorded
maximum temperatures greater than 22 ° c. Typically the
highest maximum temperatures occur on the streams with the
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greatest range in temperatures due to weaker groundwater
input. This was never the case for the streams in this
study. However, in light of the other temperature
indicators, the streams still exhibit strong coldwater
temperature regimes.
The inherent differences betwe�n the streams in this
study and those studied by Wang et al.

(1998) is the fact

that certain variables were excluded from the final
analysis.
The small headwater streams sampled in this study
exhibited a variety of morphological characteristics. In
general, the streams were straight, wide and shallow,
dominated by run habitat, with no apparent channelization,
and considerable variation in thalweg depths.
There was a predominanace of sand in the streams.
Though sand is a substrate variable, it has likely affected
these streams by inundating other substrate and the stream
channel resulting in large width-to-depth ratios and a
dominance of run habitat over riffles and pools. It also
prevents many macrophytes from establishing themselves as
sand is a constantly shifting medium. In general, sand will
reduce the amount of cover available to fish and
macroinvertebrates and reduce or degrade spawning habitat.
Reducing the amount, or degrading the quality of, spawning
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habitat results in lower IBI scores as fish populations are
stressed.
The sampling technique for substrate in this study was
slightly different than the methods used by Wang et al.
(1998) in that substrate variables were estimated along the
entire length of each transect instead of at four distinct
points along the transect. The goal of this technique was
to try to best account for the type of substrates present,
given prior knowledge of the dominance of sand in the
streams, by sampling more of the stream channel area.
The large amounts of sand and small amounts of gravel
and rubble-cobble along with the presence of brook trout in
these streams raises questions as to the spawning locations
of the brook trout. Typically gravel and rubble areas are
used by brook trout for spawning. The high levels of
ernbeddedness and the very real possibility that sand is
completely covering up other gravel and rubble areas may
require that brook trout spawn in areas of groundwater
upwelling, which is a common and viable option for brook
trout. This question is beyond the scope of this study but
answering it may provide a better idea of the impact that
high levels of sand, like those observed in this study,
really have on brook trout populations.
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The results of the instream cover variables are
consistent with the typical characteristics of small
headwater streams. The streams had an overwhelming amount
of cover created by allochthonous material input or
riparian vegetation (overhanging vegetation) interacting
with the streams. Cover created by large substrate
materials or instream vegetation was minimal. These small
streams located in woodland areas are influenced greatly by
the surrounding riparian vegetation. Large trees near the
stream provide a source of woody debris when these trees
fall to the ground. Overhanging vegetation has a large
impact on small streams as opposed to wide streams, as more
of the stream width along a transect will be influenced by
overhanging vegetation. The overhanging vegetation and the
wooded areas also shade more of the stream which reduces
the primary productivity of the streams. Therefore,
macrophytes accounted for less cover within these headwater
streams than they typically would on larger, wider streams.
The variety of plant types (woodland, shrub, and
meadow) found in the riparian area along the streams were
primarily natural in origin. The lack of human impact on
the riparian areas in these streams provided for a great
deal of natural vegetation and healthy buffer areas. The
composition of the riparian area is a significant factor in
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the overall health of streams. In these small headwater
streams the riparian vegetation plays a very important role
in determining the amount of instream cover present in the
streams. This held true for the streams in this study as
there were very high amounts of woody debris and
overhanging vegetation present in the study streams. The
riparian vegetation present helped keep the amount of bare
soil to a minimum but surprisingly there were still large
amounts of bank erosion. The bank is an area influenced by
intense flow events whereas the riparian area above the
bank is influenced by less frequent more intense flows.
Because the bank is influened more frequently, vegetation
in the bank area has a more difficult time becoming and
staying established. The bank erosion identified
consistently in the study likely contributes to the
dominance of sand in the bedload. Figure 4 shows a typical
low gradient coldwater stream in northern Michigan.
Multivariate Analysis
As can be expected, the first principal component
explained more variation in IBI scores than the four
remaining components. The variables chosen to represent the
principal components represented each of the major
groupings of habitat variables. However, because so much
variation in IBI scores is explained by the first principal
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Figure 2. Photograph of a typical low gradient coldwater
stream in northern Michigan .
•

,.t.
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component, three variables that loaded highly on principal
component one were chosen to represent principal component
one.
The multiple linear regression yielded a high r2 of
0.857. The amount of variation explained by the model in
this study is evidence that the model would be beneficial
in assessing the health of low gradient coldwater streams
in northern Michigan.
The multiple regression based on Wang et al. (1998)
model yielded a high r 2 of 0.675. The estimated regression
based on the Wang et al. (1998) model was calculated
without the two channelization variables because they were
both constants in the streams of this study. Therefore, no
additional explanation of IBI scores would occur by
including these variables.
Three variables, percent run, percent sand, and the
standard deviation of thalweg depths, had the overwhelming
greatest impact on the regression model based on a review
of the standardized �'s. These three variables would do a
fine job at explaining the variation in IBI scores if field
personnel were limited to only collecting a few variables
in low gradient coldwater streams in northern Michigan.
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Comparison with the Wisconsin Model
The model developed in this study explained more of
the variation in IBI scores than the model developed by
Wang et al. (1998). This study focused on low gradient
coldwater streams as opposed to all low gradient streams.
The differences in the thermal regimes of the streams in
each study likely played a role in differentiating between
the variables identified to be significant for determining
stream health.
In each study, seven variables were chosen to
represent stream health. Three of the same variables were
common to both studies (total instream cover, buffer
vegetation, and standard deviation of thalweg depths).
Also, the variables channelization age and percent
channelization, were not included in the final analysis of
this study. Given these two variables were excluded from
the Wisconsin model and three of the same variables were
chosen for inclusion in both models, the differences in the
amount of variation in IBI scores explained by each model
was still quite significant. The model developed by Wang et
al. (1998) explained only 67.5% of the variation in IBI
scores, still a substantial amount. However, the model
developed in this study explained more of the variation in
IBI scores (85.7%). This model then can be thought of as a
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refinement of the Wang et al. (1998) model and would be the
more appropriate model to use in low gradient coldwater
northern Michigan streams.
Potential Impact on Management of Low Gradient Coldwater
Streams in Northern Michigan
The model developed in this study should be applied by
stream managers instead of the model developed by Wang et
al.

(1998) for Wisconsin �treams. Stream managers who

employ this model should realize many benefits in their
daily work managing low gradient coldwater streams in
northern Michigan. The benefits to stream managers who
utilize this model can be grouped into two separate but
related categories, workload and budget, and ecological
effectiveness.
The workload of stream managers can be better managed
by applying this model to determine which streams are in
need of direct management. Further, results can be used to
estimate the amount of management needed to bring a stream
into regulatory compliance or to improve it to a higher
quality level.
Those streams that exist at a high quality level may
need no active management. These streams may only need to
be monitored every few years to ensure they stay at a high
quality level. Knowing this will allow stream managers to
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forego expensive, time consuming projects or repeated
stream evaluations. Doing so will allow stream managers to
direct their time, personnel, and funds to the improvement
of lesser quality streams.
By identifying low quality streams using this model,
stream managers will be able to direct their time,
personnel, and funds to these streams in a manner that
actresses the root causes of the poor quality of the stream.
By knowing ahead of time which factors are limiting the
potential of the stream, managers can properly prepare
projects that will increase the quality of the stream. This
saves valuable time and money.
Identifying the health of streams throughout a stream
manager's work area will allow that manager to focus on
streams that need attention and not on those that are
already healthy. This not only will increase productivity,
but more importantly it will result in better ecological
effectiveness of the stream managers work. This means that
the overall health of streams in any given work area will
increase. Over a period of years it is likely that
significant increases in the health of low gradient
coldwater streams in northern Michigan will result without
increased expenditures of time and money.
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CHAPTER SIX
CONCLUSIONS

An IBI developed for upper midwestern coldwater
streams was used as a measure of stream health. The
applicability of the habitat variables used in a habitat
index developed by Wang et al.

(1998) for low gradient

coldwater streams in Wisconsin was assessed for low
gradient coldwater streams in northern Michigan.
The habitat variables chosen to represent habitat
conditions in this study did a better job of explaining
variation in IBI scores than did the habitat variables in
Wang et al.'s (1998) final model. The model developed in
this study explained 85.3 percent of the variation in IBI
scores compared to 67.5 percent by the other model.
It is important to consider that given the lack of
channelization on these northern Michigan streams, two of
the seven variables in Wang et al.'s (1998) model
contributed zero explanation of the variation in IBI
scores. If streams exist in northern Michigan with any
amount of channelization, the Wang et al. (1998) model is
likely to add significant explanation of the variation in
IBI scores. However, in streams with no channelization the
model developed in this study will be more useful for
explaining variation in IBI scores. In light of the results
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of this study, other field personnel should be cautious
when applying Wang et al.'s (1998) model to northern
Michigan streams. Field personnel would be better served if
they used the model developed from this study to aid in
their management of northern Michigan streams.
If stream managers find their budgets restricted to a
point to prevent the collection of all the variables in the
model developed in this study, it is recomended that at the
minimum, collection of data for percent run, percent sand,
and the standard deviation of thalweg depths should receive
priority. These variables were clearly the three most
influential variables in the final model.
The results of this study serve as a solid foundation
on which to base further research into the habitat
variables that best describe the variation in IBI scores
and thus, stream health in northern Michigan streams.
Researchers should start to examine more closely the
set of variables used in the model developed in this study
to better refine understanding of the relationship these
variables have with IBI scores. In order to accomplish such
refinement it would be very beneficial to increase the
sample size in future studies.
With a larger sample size, it would be possible to
develop a formal habitat index for low gradient coldwater
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streams in northern Michigan like that developed by Wang et
al.

(1998) for low gradient streams in Wisconsin. Given a

large enough sample size it would be possible to not only
develop, but validate a model as well. Validation is an
important step as it helps build confidence in the model by
field personnel who will be using the model to achieve
measurable results.
An entirely separate study could look specifically at
low gradient coldwater streams in northern Michigan that
have some degree of channelization. This would help to
further refine any new model and would provide valuable
insight into the impacts these types of land uses have on
stream health.
The model developed in this study explained more
variation in IBI scores than did the model developed by
Wang et al.

(1998). Therefore, the model is better suited

for assessing stream health in low gradient coldwater
streams in northern Michigan. Future research incorporating
a larger sample size and the inclusion of channelized
streams (if they exist) in order to develop and validate a
habitat index for these streams should prove beneficial to
stream managers and ultimately help improve stream health
in low gradient coldwater streams in northern Michigan.
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APPENDIX A
SAMPLE SUBSTRATE AND STREAM BOTTOM CHARACTERISTICS
DATA COLLECTION SHEET

67

Stream

Variable
Clay(%)
Silt(%)
Sand(%)
Gravel(%)
Rubble
Cobble(%)
Bedrock(%)
Detritus(%)
Attached
Algae(%)
Macrophytes(%)
Ernbeddedness(%)
Sediment
Depth(cm)

1

2

Transects
3
4
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5

6

7

8

9

APPENDIX B
SAMPLE INSTREAM COVER DATA COLLECTION SHEET
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Stream

Variable
Boulder(%)
Overhanging
Vegetation(%)
Undercut
Bank(%)
Woody
Debris(%)
Other
Debris(%)
Submerged
Macrophyte(%)
Emergent
Macrophyte(%)

1

2

Transects
4
5
3
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6

7

8

9

APPENDIX C
SAMPLE RIPARIAN VEGETATION, LAND USE, AND BANK
CONDITIONS DATA COLLECTION SHEET
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Stream

Variable
Woodland(%)
Shrub(%)
Meadow (%)
Residential(%)
Barnyard(%)
Wetland(%)
Cropland(%)
Bare Soil(%)
Pasture(%)
Other(%)
Natural
Vegetation(%)
Disturbed Land(%)
Buffer
Vegetation(%)
Bank Erosion(%)
Shade(%)
Channelization(%)
Channelization
Age (YEARS)

1

2

Transects
4
3
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5

6

7

8

9

APPENDIX D
SAMPLE FISH SPECIES DATA COLLECTION SHEET
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Stream:

Rcite: --------

Start Time: -------

Voltage: -------

End Time: --------

Amperage: ------

Inch Group

Species

Species

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Total Number
Collected
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Species

APPENDIX E
DESCRIPTION AND PRECISION OF HABITAT VARIABLES
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Variable

Percent riffle

Percent pool

Percent run

Distance between
bends
Width-to-depth
ratio

Sinuosity

Description
Percent length of
station with
shallower-than
average thalweg
depths, obvious
surface
turbulence, and
faster-than
average water
velocities
Percent length of
station with
deeper-than
average thalweg
depths, and
little surface
turbulence, slow
water velocities,
and eddies often
present
Percent length of
station with
average thalweg
depths and little
or no surface
turbulence
Mean distance
between bends
divided by mean
stream width
Mean stream width
divided by mean
thalweg depth for
run and pool
habitats
Ratio of a 1,000m segment of
stream (centered
on station)
divided by the
straight line
distance between
the start and the
end of the stream
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Precision*

1 meter

1 meter

1 meter

Variable
Standard
deviation of
thalweg depth
(m)

Percent
channelization

Channelization
age

Boulder (%)

Overhanging
vegetation (%)

Undercut bank
(%)

Woody debris (%)

Description
Standard
deviation of the
mean thalweg
depth for pool
and run habitats
Percent of stream
station that has
been channelized
(straightened or
deepened)
Natural, old
(channelized >20
years ago),
medium
(channelized 1020 years ago), or
recent
(channelized
within last 10
years.)
Rocks �0.25 m
long found in or
in contact with
water �0.3 m deep
Thick vegetation
overhanging water
�.3 m deep and
so.1 m above
water surface
Banks overhanging
the water and
meeting the
criteria for
overhanging
vegetation cover
Large pieces or
aggregations of
small pieces of
wood in or in
contact with
water �0.3 m deep
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Precision*

5%

5%

5%

5%

Variable

Other debris (%)

Submerged
macrophyte (%)

Emergent
macrophyte (%)
Total instream
cover (%)
Woodland (%)
Shrub (%)

Meadow (%)

Description
All other types
of debris found
in or in contact
with water z0.3 m
deep that provide
shelter or visual
isolation for
fish
Submerged
vascular plants
rooted in water
z0.3 m deep that
are thick or
dense enough to
provide shelter
or visual
isolation for
fish
Emergent vascular
plants that meet
the criteria for
submerged
macrophyte cover
Sum of values for
all cover
categories
Land dominated by
trees >3 m high
Land dominated by
trees and woody
vegetation
generally <3 m
high
Land dominated by
grass and forbs
with few woody
plants and not
subject to
regular mowing or
grazing
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Precision*

5%
5%

5%

Variable

Residential (%)

Feed lot or
barnyard (%)

Wetland (%)

Cropland (%)

Bare soil (%)
Pasture (%)

Other (%)
Natural
vegetation (%)

Description
Land modified for
human use,
including
buildings, roads,
parking lots, and
recreational
grounds
Land used to
confine and feed
high densities of
livestock
Land that is
poorly drained
and covered with
standing water
for much of the
year, including
swamps and
marshes
Land plowed and
planted with
rowcrops and
harvested on a
yearly basis,
plus actively
cultivated
orchard and
regularly mowed
hayfields
Land covered by
bare soil
Land, either
wooded or grassy,
regularly grazed
by livestock
Land that can not
be included in
the other
categories
Sum of woodland,
shrub, and meadow
percentages
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Precision*

5%

10%

Variable
Disturbed land
(%)

Buffer
vegetation (%)

Bank erosion (%)

Shade (%)

Clay (%)
Silt (%)
Sand (%)
Gravel (%)

Rubble-cobble
(%)
Boulder (%)

Bedrock (%)

Description
Sum of
residential, feed
lot or barnyard,
cropland, and
pasture
percentages
Land covered with
undisturbed
vegetation
(woodland, shrub,
meadow, wetland)
within 10 m of
stream edge
Extent of stream
banks (from toe
to top; size
variable) with
bare soil that is
susceptible to
wind or water
erosion
Degree to which
canopy vegetation
intercepts
sunlight to the
stream channel
Substrate of
0.001 - 0.003 mm
particles
Substrate of
0.004 - 0.062 mm
particles
Substrate of
0.063 - 2 mm
particles
Substrate of 2.1
64 mm particles
Substrate of 65 256 mm particles
Substrate of >256
mm particles
Substrate of
solid, uniform
rock
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Precision*

5%

5%
5%
5%
5%
5%

Precision*
Description
Substrate of
partially decayed
organic matter,
5%
Detritus (%)
such as leaves,
dead macrophytes,
sticks, etc.
Stream bottom
covered with
Attached algae
5%
attached or
(%)
filamentous algae
Stream bottom
covered with
5%
Macrophytes (%)
submergent or
emergent plants
Depth of fine
sediments (sand
or silt) that
Sediment depth
1 cm
overlay or
(m)
compose the
stream bed
Degree to which
coarse gravel and
rubble-cobble are
Embeddedness (%)
surronded by or
5%
covered with
sand, silt, or
clay
*Precision data was only available for specific habitat
variables.
Variable
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APPENDIX F
FISH SPECIES OCCURRENCES
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co
w

Stream
Gordon Creek
Blood Run
Creek
First Creek
Hopkins
Creek
McDuffee
Creek
Pine Creek@
Bosschem Rd
Pine Creek@
Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Species
BlackBrown
nose
Trout
Dace

Brook
Trout

Slimy
Sculpin

X

X

X

X

X

X

X

X

X

X

X
X

X
X

X

X

X

X

X
X
X
X
X
X

X
X
X
X
X

X

Creek
Chub

Central
Mudminnow

White
Sucker

X

Common
Shiner

X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Source: Michigan DNR - Hunt Creek Fisheries Research Station

X
X

X
X

X

Species
Mottled
Sculpin

co
�

Stream
Gordon Creek
Blood Run
Creek
First Creek
Hopkins
Creek
McDuffee
Creek
Pine Creek@
Bosschem Rd
Pine Creek@
Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Johnny
Darter

Pumpkinseed

Green
Sunfish

Bluegill

Rainbow
Trout

Coho
Salmon

Brook
Stickleback

X

X

X

X

X

X
X
X

X

X

X
X
X

X

X
X

X

X

Source: Michigan DNR - Hunt Creek Fisheries Research Station

X

co
u,

Stream
Gordon Creek
Blood Run
Creek
First Creek
Hopkins
Creek
McDuffee
Creek
Pine Creek@
Bosschem Rd
Pine Creek@
Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Bluntnose
Minnow

Species
Emerald
Shiner

Brook
Lamprey

Grass
Pickerel

Hornyhead
Chub

Blackside
Darter

Rock
Bass

X

X

X

X

X

X
X
X

Source: Michigan DNR - Hunt Creek Fisheries Research Station

APPENDIX G
HABITAT DATA RESULTS
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Habitat Variable
Stream

CD
-.J

Gordon Creek
Blood Run Creek
First Creek
Hopkins Creek
McDuffee Creek
Pine Creek@ Bosschern Rd
Pine Creek@ Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Riffle

Pool

Run

Width
Std
to
Dev. of
Sinuosity
Boulder
Depth
Thalweg
Ratio
Depth

0.16
0.03
0.81
14.33
1.29
5.83
0.00
0.05
0.89
0.06
40.11
1.16
5.52
0.00
0.84
14.95
0.05
0.09
1.147
7.38
0.00
0.89
0.05
0.07
14.42
1.2
6.47
0.00
0.20
0.80
15.05
0.00
1.52
9.13
0.01
0.79
0.17
0.04
18.94
1.03
4
0.00
0.04
0.96
20.12
0.00
1.09
5.99
0.00
0.77
0.19
16.48
0.04
1.32
8.21
0.00
0.64
0.31
12.03
0.05
1.44
15.81
0.00
0.17
0.79
0.04
17.1
1.23
4.99
0.11
0.18
14.82
0.71
0.05
1.59
10.55
0.13
0.19
0.76
11.35
0.05
1.16
11.9
0.00
0.42
0.59
7.73
0.00
1.48
15.03
0.00
*Percent variables were converted to proportions

Habitat Variable

Stream

ex:>
ex:>

Overhanging Undercut Woody Submerged
Emergent
Bank
Vegetation
Debris Macrophyte Macrophyte

0.39
0.14
0.66
0.01
0.04
0.00
0.06
0.53
0.01
0.00
0.49
0.39
0.04
0.00
0.00
0.07
0.12
0.84
0.01
0.09
0.28
0.03
0.61
0.01
0.00
0.17
0.03
0.79
Pine Creek@ Bosschem Rd
0.01
0.02
0.13
0.00
0.57
Pine Creek@ Steinberg Rd
0.01
0.06
0.09
0.10
0.31
Silver Creek
0.00
0.00
0.11
0.08
0.32
Hunt Creek
0.00
0.11
0.06
0.15
Miller Creek
0.31
0.00
0.02
0.19
0.02
McGinn Creek
0.33
0.00
0.09
0.05
0.07
Brush Creek
0.42
0.00
0.01
0.04
0.17
0.36
Beaver Creek
0.00
0.41
*Percent variables were converted to proportions
Gordon Creek
Blood Run Creek
First Creek
Hopkins Creek
McDuffee Creek

Total
Instream
Cover
1.00
0.60
0.92
1.00
0.94
1.00
0.76
0.51
0.62
0.66
0.76
0.55
0.98

Habitat Variable

co
\.0

Stream

Woodland

Gordon Creek
Blood Run Creek
First Creek
Hopkins Creek
McDuffee Creek
Pine Creek@ Bosschem Rd

0.23
0.74
0.10
0.65
0.27
0.62
0.14
0.19
0.18
0.25
0.13
0.38
0.07

Pine Creek@ Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Shrub

Meadow Residential Wetland

0.50
0.23
0.04
0.22
0.66
0.24
0.18
0.10
0.42
0.31
0.15
0.23
0.62
0.23
0.13
0.49
0.49
0.33
0.65
0.10
0.26
0.17
0.20
0.12
0.58
0.34
*Percent variables

0.00
0.34
0.00
0.28
0.00
0.05
0.07
0.09
0.00
0.00
0.00
0.33
0.00
0.16
0.00
0.56
0.00
0.11
0.00
0.00.
0.44
0.07
0.30
0.00
0.00
0.12
were converted to

Bare
Soil

Natural
Vegetation

0.00
0.95
0.04
1.00
0.04
1.00
0.01
0.93
0.04
1.00
0.03
1.00
0.01
1.00
0.01
0.81
0.06
1.00
0.00
1.00
0.01
0.72
0.00
0.70
0.00
1.00
proportions

Habitat Variable
Stream

\.0
0

Gordon Creek
Blood Run Creek
First Creek
Hopkins Creek
McDuffee Creek
Pine Creek@
Bosschem Rd
Pine Creek@
Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Buffer
Disturbed
Bank
Vegetation Erosion
Land

Shade

Clay

Silt Sand Gravel
0.03
0.10
0.04
0.06
0.08

RubbleCobble

0.00
0.00
0.00
0.07
0.00

0.93
0.95
0.96
0.99
0.92

0.29
0.36
0.51
0.37
0.71

1.00
0.49
0.93
0.76
0.94

0.00
0.00
0.01
0.00
0.02

0.43
0.50
0.68
0.70
0.82

0.01
0.00
0.18
0.12
0.01

0.00
0.00
0.00
0.00
0.00

0.00

0.97

0.74

0.95

0.00 0.02 0.66

0.09

0.00

0.00

0.94

0.35

0.12

0.00 0.04 0.76

0.00

0.00

0.10 0.63 0.10
0.02 0.46 0.38
0.01 0.62 0.15
0.05 0.29 0.45
0.24 0.63 0.06
0.53 0.37 0.00
to proportions

0.00
0.03
0.08
0.02
0.00
0.00

0.00
0.00
0.00
0.44
0.30
0.00

0.32
0.99
0.84
0.01
0.94
0.26
0.39
0.02
0.94
0.70
0.71
0.00
0.47
0.56
0.63
0.00
0.67
0.65
0.60
0.06
0.90
0.63
0.26
0.02
*Percent variables were converted

Habitat Variable
Stream

I..O
I-'

Gordon Creek
Blood Run Creek
First Creek
Hopkins Creek
McDuffee Creek
Pine Creek@ Bosschem Rd
Pine Creek@ Steinberg Rd
Silver Creek
Hunt Creek
Miller Creek
McGinn Creek
Brush Creek
Beaver Creek

Detritus

Macrophytes

Sediment
Depth
( cm)

Embeddedness

0.53
0.00
22.28
0.80
0.37
0.20
17.23
0.00
0.10
0.01
15.31
0.72
0.09
0.09
13.91
0.68
0.05
0.00
34.36
0.88
0.18
0.02
16.59
0.78
0.11
0.18
24.52
0.00
0.01
0.07
13.70
0.57
0.08
0.09
11.98
0.49
0.08
0.00
3.73
0.65
0.18
0.10
6.56
. 0.44
0.05
0.06
16.60
0.64
0.08
0.35
31.64
0.00
*Percent variables were converted to proportions
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